OopMcJ^aKTop nHOHa b KX^: KaK cHHTaxb? 



A. n. BaxyjieB^ 

JJaSopamopuH meopemuHecKou (fjusunu um. H. H. BodOAwBoea, OHHH, 

14-1980 2. JJ,y6Ha, Poccufi 

06cy>KflaeTC5i pacnex (|)opMc|)aKTopa nnoHa, Ft^{Q^), b KX^. Mt.i KpaxKo o6cy>KflaeM 
ocHOEHbie MOMeHTbi HC KX/I, c HejioKajibHbiMH BaKyyMHbiMH KOH^eHcaxaMH (HBK) h no- 
KasMBaeM ero pesyjibTaTti ^jih sjieKxpoMarHHTHoro 4)opM(|)aKTopa nnoHa b cpaBHeHHH c 
npe^cKasaHHHMH nepxypGaTHBHoii h pemeTOHHoii KXJX. B saKjiioHeHHe mbi paccMaxpHBa- 
eM noflxofl jioKajiBHoii ^yajiBHocxH (JIJX) 4)opM(|)aKTopa nnoHa b KX/I, h noKastiBaeM, 
HTO npH ^ 2 FsB^ ocHOBHofi napaMexp no;];xo^a, a HMeHHO, nopor KOHXHHyyMa s^'^(Q^) 
^ojiJKeH pacTH c pocTOM Q^, a ne ocxaBaTbca nocT03HHbiM. 
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I. BsefleHHe 



BbiHHCJieHHe acHMHTOTHKH HHOHHoro F^^IQ"^) npH ^ 1 FsB^ B nepTyp6aTHBHOH 
KX^ [IHsl c caMoro Hanajia paccMaxpHBajiocb KaK o^hh hs BaacHbix ycnexoB KX/I, b ohh- 
caHHH 3KCKjiio3HBHbix aflpoHHbix npoi];eccoB. 0;i,HaKo npH HcnojibsoBaHHH nepTypGaTHBHoro 
no^xo^a KX/I,-4)aKTopH3aii;HH ^jia nnona Bcer^a ocTaBajica otrpbitbim Bonpoc o tom, 
KaKyio HacTb nojiHoro oxBexa onHCbiBaex (jDaKTopHsyeMbifi BKjiafl,. nepxypGaTHBHbiH BKjiaji b 
rmoHa (ero nacxo nasBiBaioT «>KecTKHM») npeoGjia^aex ripn acHMnxoTHHecKH Gojihuinx 
SHaneHHHx nepe^an HMnyjitca, ^ 20 — 100 FsB^. MHorne aBTopti cHHxaioT (cm., nanpH- 
Mep, a xaKJKe ccbijikh b sthx paGoxax), hto o^hh tojibko jKecxKHH ((|)aKTopH3yeMbiH) 

BKJia^ B SJieKXpOMarHHTHBIH HHOHa CJIHniKOM Majl ^JIH oGx-HCHeHHa: CymeCTBVIOmHX 3KC- 

nepHMeHTajiBHBix ^aHHbix b o6jiacTH yMepeHHtix nepe^an = 3 — 10 FsB^ jo], [lo| — a^ecb 
^oMHHHpyeT TaK HasBiBaeMBiH «MarKHH» BKjia^. B oGjiacxH ace ^ 1 FsB^ KojijiHHeap- 
Hoe npHGjiHJKCHHe nepTypGaTHBHoit KX^ nepecxaex Gbitb a^eKBaTHtiM h cJ^aKTopHsyeMaa 
HacTb nnoHa pacxex KaK 1/Q^, hto HHKaK ne corjiacyexca: co cbohctbom nojiHoro 
F^(0) = 1, KOTopoe flHKTyexca Toac^ecxBOM Yop^a. 

B Hamefl pa6oTe Q mbi noKasajiH, hto ^ocTaxoHHO pasyMHoe oriHcaHne MoaceT Gbitb 
nojiyneHO, ecjiH cniHTb MarKHfi BKjia^i;, nojiynaeMbiH b noflxofle JIoKajibHofi /^yajiBHOCTH 



(JIJX) I 111 . Il2| . c JKecTKHM c HcnojibsoBaHHeM caMOH npocToii cJjyHKi^HH BKjiioHeHH3 nepxyp- 
6aTHBHoro BKjia;];a. Cjia6t.iM mcctom sxoro no;];xo;];a HBjiHexca nojiynaeMaH no Hacjie;];cTBy 
OT JIJX Heonpe^ejieHHocTB BbiGopa scJacjDeKTHBHoro nopora KOHTHHyyMa Sq^{Q'^) npn yMe- 
peHHbix, HO He Majibix, sHaneHHsix > 1 FsB^. 3tot Bonpoc mbi oGcy^HM b pasjejie IVl 

B 3TOH jieKn;HH mbi paccMaxpHBaeM Bonpoc o6 ynexe He4)aKTopH3yeMbix BKjiaflpB b 
HHOHa c noMombK) HejioKajiBHBix BaKyyMHbix KOH;];eHcaTOB (HBK) b MeTo;];e npaBHji cyMM 
(nC) KXJl. 

Otmcthm, hto nC c jioKajiBHbiMH KOH^eHcaxaMH fljiH HHOHa o6jia^aioT hjioxoh cxa- 
Ghjibhoctbio h ycToiiHHBBi JTHHIB HpH Hepe^aHax HMHyjIBCa 1 FbB^ < g2 < 3 YsB"^. npHHH- 
HOH sBjiHeTCH pasHoc Q^-noBe^cHHe nepxypGaTHBHoro BKjia^a, naflaion^ero c pocxoM Q^, h 
HeHepTyp6aTHBHbix BKjia^OB, KOToptie jih6o hoctojihhbi, jih6o jinneiiHO pacxyx c 111, 13 



HtoGbI HOJiyHHTb HpaBHJIBHbie SaBHCHMOCTH OT , Heo6xOflHMO BBIHHCJ15ITB BKJia^BI OT OHC- 

paTopoB Bbicmett pasMepnocTH Tnna (g(O)D^g(O)), (g(0)(D^)^g(0)) h t. h.. Ohh nojiynaioT- 
CH c HOMombK) TeiiJiopoBCKoro pasjiojKeHHs HSHanajiBHo nejioKajiBHbix KOH^encaTOB (narip. 
{q{0)q{z))). nojiHbiH KOH^encaTHbiH BKjia^ ^Jia yGtmaeT c pocTOM Q^, b to BpeMH KaK 
KaJK^biH no OT^ejiBHOCTH BKjia^ CTan^apTHoro onepaTopnoro pasjioacenna hmcct CTpyKTypy 
Q^" . 3to osnanaeT, hto ^jih nojiynenne ocMbicjiennoro pesyjiBTaTa Heo6xo;i,HMO OTcyMMnpo- 
BaTB Becb psfl^ Tenjiopa, hto BbinojinnTb tohho ne npe^cTaBjiaeTca bosmojkhbim. Bapnan- 
TOM TaKoro cyMMHpoBanna n SBjiaeTca mcto^ HBK-'-, b KOTopoM nejioKajibntie BaKyyMHbie 
o6T.eKTbi napaMeTpnsyroTCH MnnnMajibHbiM o6pa30M — c ncnojibsoBanneM e^^nncTBennoro 
napaMCTpa A^. 



Hoflxofl K pacneTy nnonnoro mcto^om FIC KX/I, |11| . I13| ocnoBan na anajinse Tpex 



^ B pa6oTe [l^ paccMaTpiiBaeTCH onepaTopnoe pasjiosKeuHe ^jih nojiHpii3aD,HOHHoro onepaiopa b 3+1- 
MepHoii KX^ b noflxofle (jDOHOBoro nojiH h flCJiacTca bbiboa o6 acHMHTOTHHecKOM xapaKTepe nojiynaeMoro 
npH 3T0M psfla A2n(47rtT/Q^)", r^e a — HaTHJKeHne CTpynbi b noTeHi^iiajie KOHcjDaiiHMeHTa, hockojib- 
Ky K034)4)HLi,HeHTbi A2ra pacTyT c n 4)aKTopHajiBHO. 3tot bbibo;; noKasbiBacT, ^^to CTpeMjienne ynecTb 
Gojibinee hhcjio BKjia^OB b onepaTopnoM pasjioJKeHHii ne Bcer^a onpaBflano — b acHMnTOTHnecKHx pa^ax 
nacTO jiyime BOBpeMH ocTanoBHTbCH. PeajibHO Tax ii nocTynaroT b MeTo;i,e npaBuji cyMM KX^: o6biHHO 
y^HTbiBaiOTCH jiHinb BKjiaflbi rjirooHHOro, {GG)/Q'^, ii KBapKOBOro, {qq)'^/Q^, KOHflCHcaTOB. 



2 



TOHeHHoro AAV-KoppejisTopa {A — ^jih aKCHajibHoro, V — ^jih BeKTopnoro tokob) c no- 
Mombio onepaxopHoro pasjiojKeHHa h ^BoiiHoro ^HcnepcHOHHoro npe^cTaBjieHHH. B cjie^y- 
lomeM paa^ejie mbi pasGepeM btot no^xo^ na npHMepe cxan^apTHBix HC KX/I, h pasGepeM 
ero ^ocTOHHCTBa h He^ocTaxKH. 

SaxeM, B pas flej i e IIIIl mbi cHCTeMaTHSHpyeM HcnojitsyeMtie naMH rayccoBbi Mo^ejiH HBK, 



MHHHMajiBHyio |15|-|17|. H yjiyHineHHyio |17l . |18| . h o6t33Chhm, hcm ohh OTjinnaioTCii APyr ot 



^pyra: OKasBiBaexca, hto yjiyHineHHaH Mo^ejib no ^pyroMy napaMexpHayex KBapK-rjiiooH- 
aHTHKBapKOBbiil HBK, hto nosBOjiaex y^oBjiexBopHTB ocHOBHOMy KX/],-ypaBHeHHio ^bh- 
aceHH3 BeKTopHoro 6HjioKajibHoro HBK h MHHHMHSHpoBaTb HapymeHHe nenonepeHHO- 
CTH Koppeji3Topa BCKTopHbix TOKOB, HH^yi^HpyeMoe BBe^eHHeM HejioKajiBHOcxefi BaKyyMHbix 

KOH^eHCaTOB. 

B pasjejie II VI mbi o6cy>K;];aeM anajiHS nojiynenHoro HC KXJX c HBK ^jia nnoHHoro OO, 
npoBO^HM Hx cpaBHeHHe c peayjibxaTaMH, nojiynenHbiMH b ^pyrnx xeopeTHnecKHX noflxoflax, 
B pemeTOHKbix Mo^ejinpoBaHHax h c SKcnepHMeHxajibHbiMH ^aHHbiMH. 

Pasjeji IVj nocBginen nofl;x.opy jioKajibHofi ^yajiBHOcxH {JIJX}- 3tot no^^xo^i; Baxcen jiJis nac 
no AByM npnnnnaM: 

1) no HCTopHHecKHM — ML.I nojibsoBajiHCB HM B pa6oTe jsl flJiH nojiynenna npe^cKasannii ^jih 
nojiHoro nnona mcto^om cniHBaHHH «M5irKoro» BKjia^a, MOflejinpoBaBmeroca b no^xo^e 
JIJJ^, H «jKecTKoro» ^ByxnexjieBoro BKjia^a; 

2) no BOSMOJKnocTH ynecTb 0(Q;f )-nonpaBKy k nnona 6e3 cnexa cooTBeTCTByronieii xpex- 
nexjieBoii cneKxpajibnoii njioxnocxn. 

Mbi oGcyjK^aeM b sxom paa^ejie onpeflejienne 3cJ)cJ)eKXHBHoro nopora KonxnnyyMa Sq^IQ"^) 
— KjiioneBoro napanexpa JIJX — npn npoMe>Kyxonnt.ix ananennax n noKasBiBaeM, nxo 
panee ncnojibsOBaBmeecii nocxoannoe snanenne Sq^{Q'^) ~ 0.6 FsB^ CHjit.no nefloon;eneno: 
na caMOM jiejie, 34)4)eKxnBnt>iH nopor JIJX ^ojiJKen Monoxonno pacxn c pocxoM jiJis xoro, 
nxo6t>i BocnponsBo^nxb pesyjibxaxbi 6opejieBCKHX HC. 

B SaKjiionennn mbi cyMMnpyeM namn BbiBOflbi o nnona. 



II. CTaHflapTHtie npaenjia cyMM KX/I| flJiH OO nnoHa 

HpaBHjia cyMM KXJX AJi^i nnona cxpoHXCH na ocnoBe anajinsa xpexxonennoro AAV- 
KoppejiHxopa 

T{pl,pl,q') = jjd'xdSe^^"-y\Q\T[JtMJ'{^)M^W^ (2-1) 

Tj\e q — HMnyjibc Bnpxyajit-noro (Jjoxona (g^ = — Q^), a pi n p2 HMnyjibCbi najiexaiomero 
n Bbijiexaioniero nnonoB. B sxom KoppejiHxope J^{x) = euu{x)'y^u{x) + edd{x)'y^d{x) sxo 
sjieKxpoMarnnxnbiH xok jierKnx KBapKOB, e„ = 2/3ned = — 1/3 — sjieKxpnnecKne aapa^bi 
u- n d-KBapKOB, J^p{x) = u{x)'j5'Ji3d{x) n J^^i^) = d{x)'y5jau{x) — aKcnajibno-BeKxopnbie 
nnoHHbie xoKn, Koxopbie nneiox nenyjiebbie npoeKn;nn na nnonnoe cocxoanne |7r(P)): 

(0|j5"|7r(P))=z^P". (2.2) 

JXjis sxoro Koppejiaxopa npn flocxaxonno 6ojibmnx npocxpancxBenno-noflo6nbix nMnyjib- 
cax pi n p2 (— Pi ^ 1 FsB^, —p^ ^ 1 FsB^) cxponxca onepaxopnoe pasjioacenne (ci n C2 — 
nncjiennbie Koncxanxbi) 

Tiplplq') = T--\plplq') + + C2^^ + . . . , (2.3) 
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Phc. 1: ^HarpaMMbi CTaH/];apTHoro onepaTopnoro paajiojKeHHH TpexToneHHoro KoppejisTopa 
T{p\,p'^,q^) c o6biHHbiMH BaKyyMHbiMH KOHfleHcaTaMH KBapKOBbix H rjiiooHHbix nojieii (o6o3Ha- 
HaeMbix Ha ^iiarpaMMax jihhh5imh c KpecTHKaMH x na KOHii,ax) . 



npoHjijiiocTpHpoBaHHoe Ha Phc. [H a xaKace ^HcnepcHOHHoe npe^cxaBjieHHe 



So So 



rrt 2 2 2 



dsi ds2 







'si-pi)is2-pi) 



+ "BblHHTaHHa" . 



(2.4) 



riofloGHoe flHCHepcHOHHoe Hpe^cxaBjieHHe CHpaBefljiHBo h ^jih hhcto nepTypGaTHBHoii nacxH 
KoppejiHTopa T^^'^^{Pi,P2,q'^)- CooTBexcTByion^aH xpexxoHeHHaH cneKxpajiBHaa hjioxhocxb 
npe^cxaBjiHexca b bh^c b 0(as)-riop5iflKe 



p3'iSi,S2,Q'^ 



pf\s„S2,Q') + ^^Api'\s,,S2,Q') 

47r 



(2.5) 



HanoMHHM, Hxo B Be^ymeM nopH^Ke cneKxpajibHaa iijioxhocxb Gtijia paccHHxana b pa6o- 
xax (nl, [11 



pf\si,S2,t) 



47r2 



Si + S2 + t)^ - 4SiS2 



(2.6) 



B xo BpeM3 KaK HBHoe BbipaJKeHHe cneKxpajiBHOH hjioxhocxh b cjie^yiomeM sa Be^ymHM 
nopa^Ke xeopHH BoaMymeHHii Ap~^\si, S2, Q^) 6t.iJio paccHHxaHo cobccm ne^aBHo jT9|.^ Paa- 
HHn;a MejK^y hojihoh cneKxpajiBHoii njioxHocxt.10 p{si,S2,q'^) h ee nepxyp6axHBHt.iM anajio- 
roM p^^\si, S2, q"^) KOMneHCHpyexcH b onepaxopnoM pasjiojKeHHH ( 12. 3 P nenepxypGaxHBHbiMH 
BKjia^aMH KBapKOBoro h rjiiooHHoro KOH^encaxoB, (qq) n (GG). 

BKjia^ Bbicmnx peaoHancoB, Thr, Mo^ejinpyioxca c HcnojitsoBaHHeM xoii xce nepxyp6a- 
XHBHOH cneKxpajiBHoii hjioxhocxh b BH^e KOHXHHyyMa, 



PHr(si, S2) = [1 - 0{si < So)9{s2 < So)] P3(si, S2, Q^) , 



(2.7) 



3to Bbipa>KeHHe floCTETOHHO rpoM03flKoe, no3T0My mbi ne npHBOflHM ero 3/i,ecb, OTCbijiaa saHHTepecoBan- 

HOrO HHTaTCJIH K nepBOIICTOHHHKy. 
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r^e So HBjiHexca 3(|)(|)eKTHBHbiM rioporoM BKjiioHeHHH Bbicmnx peaoHancoB. 06b.ihho sq coot- 
BexcTByex cpe^Heii xoHKe MejK^y MaccaMH HHJKaiimero coctohhhh h nepBoro B036y>K^eHH5i. 
HocKOJibKy KBa^pax Maccti ai-Mesona ^1.6 FbB^, ojKH^aeMoe SHaneHHe sq b cjiynae nnoHa 
OKOJio 0.8 FsB^. 

B pesyjibxaxe, nocjie npHMeneHHs npeoGpasoBaHHa Bopejia, Koxopoe y6HBaex Bce bbi- 
HHxaHHH B flHcnepcHOHHOM HHxerpajiax (12 ■4p h no^aBjiiiex BKjia^ bbiciuhx pesoHancoB b 
cneKxpajiBHOM HHxerpajie, mbi nojiynaeM cjie^yiomee HC: 

So So 


c K03(|)(|)Hii;HeHxaMH a H 6, onpe^ejiaeMBiMH onepaxopntiM pasjiojKeHHeM. 3xo HC anajiHSH- 
pyexcH o6t.iHHL.iM o6pa30M: ^jih Kaac^oro sa^annoro aHaneHHa: HmexcH SHaneHHe nopora 
So, npH KoxopoM sHaneHHe f^FT^lQ"^), onpe^ejiaeMoe h3 HC (12. 8p . HaHMenee chjibho aa- 
BHCHx ox napaMexpa Bopejia b onpe^ejieHHOM HHxepBajie aHaneHHii G [M^,M^], 
HasbiBaeMOM b no^xo^e HC okhom ^OBepna. /I,ji5I nnoHHoro OO sxo okho xaKOBo: G 
[1 r3B^2 TaB^]. 

CymecxByex cbhsb MejK^y snaHeHHeM h F^(Q^) b OKHe ^OBepna h napaMexpoM So- C 
;i;ocxaxoHHOH xohhocxbio OHa onncbiBaexcH cooxHomeHHeM jioKajitHofl ^yajiBHOcxH, cjie^y- 
lomHM H3 npaBHjia cyMM (I2.8P b (|)opMajibHOM npe^ejie — oo 



So So 

So r. 1 + 6so/g' 







1 - 



4so/g2)3/2j • 



(2.9) 



Ha nepBbiH bstjisji KOH^eHcaxbi oxcyxcxByiox b sxom cooxHomeHHH. 0;i,HaKO SHaneHHe hh- 
xepBajia ^yajitnocxH So, HSBjieKaeMoe b oriHcaHHoii Btime npon;eflype no^roHKH, neaBHO 3a- 
BHCHx ox Hx BejiHHHHbi, HjiH, xoHHce, OX cooxHomeHHsi KOH^eHcaxHoro H nepxyp6axHBHoro 

BKJia^OB. 

OopMa onepaxopHoro pasjiojKeHHH no xpexxoHennoro KoppejiHxopa T{j)\,p\, q^) sa- 
BHCHX ox BsaHMOoxHomeHHH Macmxa6oB h (no^p^ mbi noflpasyMCBaeM o6a Macmxa6a: 
IpP ~ bil ~ 1^2 1)- npocxefimeH aBjiaexca cHMMexpHHHaa cHxyai];HH ~ (npoMeacy- 
xoHHbie sHaHeHHH Q^), HsyneHHaH b (ill . [l3l |. B bxom cjiynae a = 1, 6 = (13 + 2(5^/M^). 
IIoyHHxejibHO cpaBHHXB 3XH SHaneHHa K03(|)(|)Hn;HeHX0B onepaxopHoro pasjioJKeHHii c koscJ)- 
(|)Hn;HeHxaMH, nojiyneHHtiMH b HC KX/I, ^jih nnoHHoii KOHcxanxbi pacna^a jloj (cjie^yex 
oxMexHXB, Hxo 3HaHeHHe napaMexpa Bopejia b ^Byxxonenntix HC, m^, B^Boe MeHBine no 
cpaBHennio c xpexxonenntiMn HC, = M^/2): 

f2 ^ 11^(1 _ ^-so/m^^ + <^s{GG) 16WM!_ (2.10) 

Bn^^no, nxo HC j\Jiii flF-,^[Q'^) oxjinnaexca ox HC j\Jiii y^BoennbiM as{GG)-BKjiaflpM n 
npHMepno ynexBepennbiM as(gg)^-BKjiaflOM (xonnee, sxox BKjia^ 6ojibme b 3.4 pasa). Ho 
3XOH npHHHHe sHaneHHe So ~ An'^f^, ^HKxyeMoe HC ^jia BocnponsBo^^nxca b HC 
xojibKO B o6jiacxH yMepennbix Q^, rp^e Ft^^Q"^) nsMenaexca b npe;];ejiax 0.5 n 0.3, x. e. ^jia 
Q"^ = 0.5 — 1 FsB^, Kor^a oxnomenne Kon^encaxnoro n nepxyp6axHBHoro BKjia^oB b 
nC (12. 8p onenb 6jih3ko k cooxBexcxByion^eMy oxnomennio b HC (r2.10p . 

3xo npe^nojiojKenne no;i,Kpenji3exc5i aBnoft o6pa6oxKOH OO HC: So = 0.7 FsB^ p^jis = 
0.5 FsB H So = 0.9 FsB ^jih Q = 1 FsB . ^jih Gojibmnx Q o6pa6oxKa FIC ^aex Gojibmne 
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SHaneHHa nopora: sq = 1.0 FsB^ ^jia = 1.5 FsB^, a p,Ji5L < 0.5 FsB^ ml.i ^^ojijkhm 
6t>ijiH 6hi nojiyHHTb SHaneHHa nopora, MeHbniHe 0.7F3BI O^HaKo B 3TOH o6jiacTH MajIblX Q 
Heo6xo^HMo HcnojibsoBaxb MOflH(|)Hn;HpoBaHHoe onepaxopnoe pasjiojKeHHejUl, BKjiioHaiomee 
^onojiHHTejiBHBie BRjia^bi, HcnesaiomHe npn Gojibuihx SHaneHHax Q^. B nacTHOCTH, npH 
Q"^ = KOHfleHcaTHbie BKjia^bi b HC coBna^aioT c aHajiornnHbiMH EKjiajxaMn b FIC 
fljia HTo sBjiaeTca cjieflCTBHCM TOJK^ecTBa Yop^^a Ft^{0) = 1, a saTCM yMeHtmaioTca k 
3HaHeHH5iM, nojiyHeHHbiM b CHMMexpHnHbiM KHHeMaTHKe: TaK, HanpHMep, a = (l + m^/[m^ + 
Q"^])- Cjie^oBaxejiBHo, b oGjiacxn Majitix KOH^eHcaxHtie BKjia^bi b OO HC corjiacoBanbi 
c nepTyp6aTHBHt.iMH b toPl >Ke cxeneHH, hto h b HC ^jih ( I2.10p . h b peayjibTaxe nopor sq 
ocxaexcH 6jih3khm Hcxo^noMy anaHeHHio, ^HKxyeivioMy xojk^ccxbom Yop^a npn value = 0, 
a HMeHHo, K So ~ 47r^/| 0.7 FsB^. 

B pa6oxe |ll| Gbijio noKaaano, hxo no^xo^ JI/I, ( 12. 9 p c nocxoanHbiM rioporoM Sq^{Q'^) = 
47r^/^, flaex BKjia^ ^ocxaxonno GojiBinoii ^jia onHcaHHa SKcnepHMeHxajiBHbix ^aHHBix Bnjioxb 
^o 3HaHeHHH ~ 2 — 3 FsB^. Ecjih >Ke 6paxB pacxymne c noporn Sq^{Q'^), mojkho 
nojiyHHXb H GojiBmne sHaneHna OO. Mbi BepneMca k sxoMy Bonpocy b paa^ejie |Vl 

BosBpamajicb k FIC (12. 8p . nojiynenHbiM b jTl, 13|, saMexHM, hxo npn 6ojibmHX snane- 
HHax > 3 FsB^ ohh cxanoBaxca pasGajiaHCHpoBaHHbiMH. /],eHCXBHxejibHO, nepxyp6axHB- 
HBiH BKjia^ cna^aex xax Sq/Q'^ hjih M'^/Q'^, b xo BpeM3 xax BKjia^ rjiiooHHoro KOH^eHcaxa 
ocxaexcH HensMeHHbiM, a BKjia^ KBapKOBoro — pacxex jiHHefiHO no Q^. FIosxoMy nojiy- 
Henna (jDHsnnecKH snannMbix on;enoK nnonnoro b o6jiacxH npoMeacyxonnbix snanennfi 

= 3 — 10 FsB^ Heo6xoflHMO ceptesno yjiynmnxb FIC 



III. HejiOKajiBHBie BaKyyMHbie KOHfleHcaTbi: rayccoBti MO^ejiH saKyyivia KX/]^ 

Tox 4)aKX, nxo BKjiajihi Kon^^encaxoB b HC ^Jia nnona ocxaioxca nocxoannbiMH hjih 
^a>Ke pacxyx npn yBejiHieHnn Q^, ;];ocxaxoHHO yflHBHxejren, nocKOjibxy oGbinno ^narpaMMbi 
OeHHMana renepnpyiox yBueamvuue c pocxoM BKjia^bi, KaK sxo irpovicxoj\WT c nepxyp6a- 
xHBHbiM BKjiaflOM. OflHaKo KOH^eHcaxHbie ^narpaMMbi oxjinnaioxca ox oGbinnbix ^narpaMM 
OeftHMana b xeopHH BOSMymennii KX/],: onn nojiynaroxca npn saMene neKoxopbix nponara- 
xopHbix jiHHHH nocxoHHHbiMH MHOJKHxe JI5IMH , oxBenaiomHMH KOH^eHcaxaM: na pHC.[T]xaKHe 

JIHHHH OKaHHHBaiOXCa KpeCXHKaMH. 

TaK, nanpHMep, KBapKOBbiii nponaraxop {T{q{z)q{Q))) saMenaexcH KBapKOBbiM Kon^en- 
caxoM (^(O)g(O)) (na pncd] xaxoMy Kon^encaxy oxBenaex jihhhh — x x — ). B pesyjibxaxe 
BMecxo nojiynenna 3aBHC5iin;ero ox pesyjibxaxa nojiynaexca: nocxoHHHbiii BKjia^. 3aBH- 
CHMOcxb ace ox nosBjiaexca xor^a, Kor^a ynnxbiBaioxca BKjra^bi onepaxopoB cxapmen 
pasMepnocxH xnna (g(0)Z)^g(0)), (g(0)(D^)^g(0)) n x. n., renepnpyeMbie pasjiojKenneM b 
pafl Tenjiopa ncxoflnoro nejiOKajibnoro BaxyyMHoro Kon^encaxa (HBK) (g(0)g(2;)), koxo- 
pbiH 3Bji3excii nenepxypGaxHBHOH lacxbio KBapKOBoro nponaraxopa. 

HojinbiH BKjia.j\ KOH^encaxa yGbiBaex npn Gojibinnx snaHennax Q^, hxo Jicno ns o6iii;hx 
CBOHCXB ^narpaMM OefinMana. O^^naKO n-bin Hjien pasjioacenna HBK b pa^ Tenjiopa HMeex 
noBe^enne xnna (Q^/M^)", n Hxo6bi nojiynnxb ocMbicjiennbin, x. e. y6biBaioiii;HH npn 6ojib- 
niHX Q^, pesyjibxax neoGxo^HMO oxcyMMnpoBaxb Becb pa^. Bmccxo sxoro mm cjie^yeM nnofi 
cxpaxernn: mm ne pasjiaraeM HBK b pa^ Teiijiopa, a nojibsyeMca ^jia nnx npocxbiMH raycco- 
BbiMH Mo^ejiHMH, ynHXbiBaiomHMH KoneHHyio mnpHny pacnpe^^ejienna BaxyyMHbix KBapKOB 
no HMnyjibcaM, Koxopbie npnBo^ax k MO^HcjDHi^HpoBaHHoii ^narpaMMHoii xexnnxe c hobmmh 
jinnnHMH n BepmnnaMH, oxBenaiomHMH HBK. 

BaxyyMnoe cpeflnee Gnjioxajibnoro no KBapKOBbiM nojiiiM onepaxopa b o6iri,eM Bn^e mojk- 



6 



HO npe^cxaBHTb 



Slab r 

;?i(o)gi(x)) = — y 



%^ (qq) fsia) 



xba 



2Ao/y(a) le"^'/^ da 



(3.1) 



r^e Aq = 2a sTT (qq)^ / 81, a h /y(a;) — cJ)yHKn,HH, napaMexpHsyiomHe cKajiapHL-m h BeK- 

TOpHblH KOH^eHCaXbl, COOTBeXCTBeHHO. Jjig 3THX KOHfleHCaXOB Mt.1 HCnOJIbSyeM MHHHMajIB- 

Hyio rayccoBy Mo^ejib, npe^jioaceHHyio b jl6, T3| h OTBenaiomyio BL.i6opy /5(a) = 5(a; — Ag/2) 
h/v.(«) = 5'(«-A2/2): 



= (g(0)7^g(^)) 



4 



An e" 



(3.2a) 
(3.2b) 



HapaMexp nejioKajiBHocTH 



,g (/c^) xapaKxepHsyeT cpeflHHit KBa^pax HMnyjibca KBapKOB 
B BaxyyMe KXJ. Ero oii;eHKH c noMombio cTaH^apTHbix npaBHji cyMM KX/I, 22|, |23| h na 



pemexKe [2^ |25| ^ajiH cjie^yiomnii HHxepBaji BosMoacHBix SHaneHHtt: A^ = 0.45 ± 0.1 FaB^. 



J\jlil BeKTOpHOrO H aKCHajIBHO-BeKTOpHOrO KBapK-rjiroOH-aHTHKBapKOBblX KOH^eHCaTOB 



MB.I HcriojiBsyeM riapaMeTpH3aiJ,Hio, npe^jioxceHHyio b |15L 126 



{(l{^)lA-9^u{y))q{x)) = {yf,x^ - g^y{y ■ x))Mi(x^ {y - xf) 

+ {y^^yu - 9f,uy^)M2{x'^, ^/^ {y - xf) , 

{Q{0h5li,{-9Au{y))q{x)) = ie^yy^M^{x^, y^, {y - x)^) , 



(3.3a) 
(3.3b) 



r^e 



Mi{x\ y\ z') = Ai jjjda d(3 d-f fi{a, /3, 7) 
0' 



Ai. 



2,3 - 



Ao X 



2' '2 



(3.3c) 



(3.3d) 



OyHKitHH fi{a, l3, 7) MOJKHo MO^^ejiHpoBaTb no pasHOMy. B MHHHMajibHOH Mojieji'n |15|-|17|| ohh 
Bbi6HpaioTC3 B BH^e npoHSBefleHHH (5-4)yHKLi,Hfi OT Kaacflofi h3 nepeMeHHbix Tnna 6{a — \'^/2), 



B TO BpeMa KaK b yjiyHineHHoil MOflfiJiR |18| 3a cnex yneTa ypaBHCHHa flBHJKeHHa KXfl 
BeKTopHoro HBK nojiynaeTca 6ojiee cjioacHoe BbipaaceHHe. 

B pe3yjibTaTe mm nojiynaeivi MOflHcJ)Hn;HpoBaHHoe onepaxopnoe pa3jio>KeHHe 6opejieBCKoro 
o6pa3a aMnjiHTy;];bi 02. ip 



$pert(Q',M2) + $^cG>(Q',M2) + (Q2,M2) 



(3.4) 



r^e $(GG> (Q^; M'^) o6o3HaHaeT BKjia^ rjiiooHHoro, a BKjia^i; HejioKajibHbix KBapKOBbix koh^^ch- 
caxoB npe;i,cTaBjiHeTC3 b bh^c cyMMbi neTbipexKBapKOBoro (4Q), 6HjioKajibHoro BCKTopHoro 
(2V) H KBapK-rjiiooH-aHTHKBapKOBoro [qAq) HBK: 



$(,-,)(Q^M2) = $4Q(Q^M2)+$2v(g^M2)+$(,-^,)(g^M2 



(3.5) 
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rpa(|)HHecKa5i HjijiiocTpan;H5i xaKoro npe^cTaBjieHHH npHBe^ena na Phc.|2) noKaaaHti tojibko 
THnHHHbie ^HarpaMMBi ^jia xaJK^oro no^Kjiacca ^narpaMM, Tor^a KaK nojiHbiii Ha6op ^na- 
rpaMM BKjiioHaeT xaKace sepKajibHo-conpajKeHHtie (flJia noflKjiaccoB 4Q h qAq) ^HarpaMMti, 
a xaKJKe ^HarpaMMti c iiepecxaHOBKaMH BcxaBOK rjiiooHHbix jihhhh (noflKjiacc G). 
HpocxeHinHM a^ect HBjiHexcH BKjia^ BexxopHoro KOH^eHcaxa M^: 



Gauss 8 Aq 



IQA 



M4 



dx X fv {x M ^) exp 



M4 



2 + 



M2(l -2A(Af2 



exp 



2xM2 
- g2 A(Af2) 
_M2(1 -2A(M2))_ 



(3.6) 



r^e A(M2) = A2/(2Af2). Kax h oacH^ajiocb, oh SBjiaexca y6t>iBaioiri;HM jiJis Gojibinnx Q^, 
npHHCM HeM 6ojiBme sHaneHHe iiapaMexpa HejioKajibHocxH BaxyyMa A^, xeM Gbicxpee oh 
yGbiBaex c pocxoM Q^. SnaHeHHe Ql, npn KoxopoM nanHHaexca y6i>iBaHHe, chjibho saBHCHx 
ox sHaieHHa ox sHaneHiiii 6opejieBCKoro napanexpa M"^. IIpHHHMaH 3HaHeHHe napanexpa 
HejioKajiBHocxH BaKyyMa A^ = 0.4 FsB^, nojiynaeM ^jia M"^ = 1,1.5,2 FsB^ cjie^yiomHe 
SHaneHiia Ql = 2, 6, 13 FsB^, cooxBexcxBenno. B jioxajibHOM >Ke npe^ejie axox BKjia^ paBen 



16^0 

M8 



2 + — 

M2 



(3.7) 



CKajiapHbifi HexbipexKBapKOBbiii HBK ^aex Gojiee cjiojKHoe BbipajKeHHe: 

1111 



'M2 



288A 



MS 




)00 



(a + 1) bxy dadbdx dy 
a + l)bxy — a(6 + l)xy 



9[{a-b){x-y)] 



X(fs 



b / \a + 1 



M2 



y exp 



-Q^ y [a6a;y — abxy^^ 



M2 y [(a + l)bxy - a{b + l)xy] 



r^e Mbi BBejiH oGespasMepeHHbie 4)yHKn;HH pacnpe^^ejieniia ips{M'^,x) = M"^ fs{M'^x), koxo- 
ptie ^jiH rayccoBa iipii6jiii>KeHiiJi fl3.2p cbo^hxch iipocxo k ifg^"^^{M'^,x) = 6{x — A{M^)). 
KoHeHHo, OHH cHHMaiox ^Ba HHxerpHpoBaHHH H ynpomaiox BBipajKenne (13. 8p . ho Bce paBHo 
HHxerpajibi sbho He 6epyxc5i h oii;eHHBaxi. peayjitxax npHxo^Hxca: HHCJieHHbiM HHxerpnpoBa- 
HHCM. OxMexHM, Hxo B jioKajiBHOM Hpe^ejie 3XOX BKjia^i; paBen 



144 A 







MS 



(3.9) 




(4Q) 



(2V) 



{{GG)) 



Phc. 2: HenepTyp6aTiiBHbie BKjia/],bi (ill . 13 . 2?! b npaBHjio cyMM fljia (PO raiona, (cm. ()4.ip ). 
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H HBJIHeTCH MaKCHMajIbHblM CpC^H BKJia^OB KBapKOBblX KOH^eHCaXOB npH ~ M^. 

B jioKajiBHOM npe^ejie KBapK-rjirooH-aHTHKBapKOBBiii HBK ^aex BKjiafl tohho xaKOH jKe, 
KaK H BeKTopHbiH 6HjioKajiBHL.m HBK, CM. (13. 9p . HTo cocTaBjiHeT 1/3 OT BKjia^a $4q(M^, Q^) 
npH M^. O^HaKo ero pacieT oKasbiBaeTca caMbiM cjiojkhbim h otbct nojiyiaeTca 

flOCTaXOHHO rpOMOSflKHM: 



1111 




M8 

0000 

3 



— ay + 2ax — (a + l)xy 



M2 2{a+l)xy 
xe{y - x) 5^ [</^iP, (M^, a, 6, x, y) + ipiS, {M\ a, b, x,y)] , (3.10) 



i=l 



S^ect. HHCJieHHbie KoscjDcjDHi^HeHXbi {01,02,03} = { — HacjieflyioT HepapxHHecKyio 
HH(|)opMaii;Hio H3 K034)4)HLi;HeHTOB Ai, CM. (13.3dp . a o6e3pa3MepeHHL.ie 4)yHKn;HH pacnpe^e- 
jieHHH onpe;],ejiHioTca cjieflyiomHM o6pa30M: 

ifi M^ a, 6, X, y = ^TTT— ^ H^, ^— , , 3.11a 

^ ^2(l + a)a\2 a a + \ J 

/,.9 , N M^x /M^x M^(y-x) M^xb\ 
^ ^2(l + a)a\2 a + 1 a/ 

B jioKajiBHOM npnGjiHJKeHHH (13. 2p ohh CBO^HXca npocxo k ripoH3BefleHHio 5-(|)yHKLi;HH: 

(M^, o, 6, X, y) = {M\ a, 6, x, = 5(x) ^(y) 5{h) . (3.12) 

Ko34)4)Hii;HeHTHbie 4)yHKii;HH Pi{M'^,a,b,x,y) h Si{M'^,a,b,x,y) 6b.ijih paccHHTanbi b na- 
mefi pa6oTe jl^] h npHBe;];eHt.i b HpHjiojKeHHH |21 cm. (in2.ip - (in2.2p . 3th 4)opMyjibi 
K034)4)Hn;HeHTHt.ix (|)yHKn;Hii Pi h 6*4 cobmcctho c KOHKpexHOH MOflCJibio HCjioKajiBHoro Ba- 
KyyMa K.XJX, t. e. c KOHKpeTHbiMH Mo^ejitHbiMH (|)yHKii,H3MH (pi{M'^,a,b,x,y) rio3BOji5iioT 
HaM nojiyHHTB BKjia^ KBapK-rjiiooH-aHTHKBapKOBoro HBK b HC ^jih nnoHa. 

Otmcthm, hto nepBOHaHajiBHBiii aHajiH3 nojiyHeHHtix b Hamefi pa6oTe j23| HC 6b.iji oc- 
HOBaH Ha He hojihoctbio HejioKajibHoii mo^cjih BaxyyMa KX^ (I3.13P ^jia KBapK-rjiiooH- 
aHTHKBapKOBoro HBK Mj(x^,|/^, (x — y)^), oHpe^ejiHCMBix ho (|)opMyjie (I3.3cp ). B 3toh Mo^e- 

JIH HejIOKajIBHOCTB BBOflHJiaCB TOJIBKO flJIH ^ByX (cKaJKCM, X^ H (x — ?/)^) H3 TpCX HMeiOn];HXC5I 

MeacnapTOHHBix paccxoHHHH, x^, 1/^ H (x — y)"^ , CM. PhcO Bojiee tohho, HCH0jib30BajiHCb 




Phc. 3: HjijiiocTpaii,Ha Koop^HHaTHbix saBHCHMocTeft KBapK-rjiiooH-aHTHKBapKOBoro KOH/i,eHcaTa. 
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cjie^yiomHe napaMeTpnaai^HH (A = Ag/2): 



/f ^ (a, /3, 7) = 5 (a - x,iA) S (/3 - x.^A) S (7 - x.sA) , (3.13) 
/O.4 0.4 \ 
Xij = 1 0.4 . 
\ 0.4 0.4 / 

HyjieBbie sjieMeHTbi b Maxpni^e Xij roBopjiT 06 oTcyxcTBHH nejioKajiBHocTH jih6o no KBapK- 
aHTHKBapKOBOMy paccTOHHHK) (z = 1, j = 2) , jih6o no aHTHKBapK-rjnoonnoMy paccxoannio 
x"^ (i = 2,3 R j = 1), CM. Phc.[31 TaKHM o6pa30M, IIC nnona n b xaKon mo^cjih 

6jfl,eT nacxnnno neycxonnnBO, KaK 3xo nponcxo^nx b cxan^apxnoM noflxo;];e IIC KX^. 



IV. AnajiHS nC KX/i; c HBK ajih OO nnoHa 

/],ji5i anajiHsa nocxpoenntix IIC c HBK 



so so 







MBi HcnojibsyeM o6e rayccoBti MOflejin nejioKajitnoro Baxyyivia KX/I, — MnnnMajitnyio (1111.10 



15Nl7| H yjiynmennyio ( ]ni.2p jl8| . HcnojitsoBanne nojinocxtio nejiOKajiBHbix MOflejien Baxy- 



yMa nosBOjiaex nan snanHxejiBHO pacmnpHxt o6jiacxB npHMeHHMOcxH IIC KX^ Bnjioxt ^o 
nepe^an HMnyjibca ~ 10 FsB^. KpoMe xoro, mbi ynnxtmaeM b nepxyp6axHBHOH cneKxpajib- 
HOH njioxHocxH O (Q!s)-nonpaBKy |l9[. nxo noBbimaex naniH npe^CKasanna: npnMepno na 20% 



no cpaBnenmo c on,enKaMH pa6ox [111 . Il3l . |27| . r^e Gtijia ynxena cneKxpajitnaa njioxnocxb 
Beflyni,ero nops^Ka. 

Hmch b BH^y B flajibHenmeM ncnojibsoBanne /],ATB ^jih on;enKH BKjia^a 0(«^)-nonpaBKH, 
CM. paa^eji |Vl mbi c caMoro nanajia npHMenacM o^^nonexjicBon anajiHxnnecKHH sapa^i; 
^(i),giob^Q2^ c xpexcjDjieHBopnbiM Macmxa6oM A3 = 300 MsB, cm. 28 . 

Cxpaxerna nncjiennon o6pa6oxKH IIC xaxaa jkc, KaK n b oGbinnoM no^xo^e. HMenno, npn 
KajK^oM sajj^annoM snaHenHH = 1 — 10 FsB^ IIC (14. ip p^&eT naM nnona Ft^(Q'^, M^, sq) 
B BRjie 4)ynKn;nn ^Byx BcnoMoraxejibnbix napaMcxpoB — 6opejieBCKoro napaMcxpa n 3(|)- 
(jDCKxnBnoro nopora KonxnnyyMa Sq. IlapaMexp Sq onpe^ejiaex rpannn;y ueyKpy nnonoM n 
BbicmnMn pesonancaMH b aKcnajibnoM Kanajie {Ai, tt' h x. fl.) h nosxoMy mbi npeflnojiaracM, 
nxo on ne mojkcx 6t.ixb Mentme 0.6 FsB^. KonKpexnoe anaHenne So(Q^) npn saflannoM snane- 
nnn onpe^ejisexcs na xpeGoBanna MnnnMajiBHon nyBCXBnxejitnocxn cJ)ynKn,nn ^^^(M^, sq) 
K snanennio napaMexpa Bopejia Bnyxpn OKna ^OBcpna IIC. Mbi GepcM 3xn nnxepBajiti 
flOBcpna n cooxBexcxByion^ne hm ananenna nnonnoit Koncxanxbi na ^Byxxonennbix IIC 
KX^ c cooxBexcxByion];eH rayccoBon MOflejibio HBK — MnnnMajitnon njin yjiyHmenHon fl8| . 
rpaHHn,bi HHxepBajioB ^oBepna flByxxoHennbix HC c nejioKajiBHbiMn Kon^encaxaMH, 
Bnyxpn Koxopbix (M^ G [M^/2,M^/2]) npe^cKaaannsM HC MOJKno ^OBepaxb, n ananenna 
cooxBexcxByionten nM nnonnoii Koncxanxti pacna^a, /^r, fl^n^i Asyx ncnojitaycMbix Mo^ejieii 
HBK yKaaant.1 b Ta6jinn,e HI 

SaMexnM a^ect, nxo ananenna napaMexpa BopejiH b xpexxonenntix HC b nepBOM 
npn6jin»cennn b ^Ba paaa Gojibme Bejinnnnbi napaMexpa Bopejia b ^Byxxonenntix HC: 
^3-point — 2^2-poinf Bjiaxo^apH nojiojKnxejibnocxn cncKxpajibnon njioxnocxn nepxyp6axnB- 
noro BKjia^a OKaabiBaexca, nxo ncM Gojibme ananenne sq xcm Gojibme nojiynacMoe ananenne 
00 nnona. 
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Ta6jiHLi;a I: FpaHHi^bi HHTepsajioB flOBepHH /];ByxTOHeHHt.ix IIC h cooTBeTCTByiomHe hm SHaneHHii 
HHOHHOH KOHCTaHTbi pacnafla fljiH flByx HcnojibsyeMbix MOflejieft HBK. 



Mo/i,ejib 


Ml Ml U 


MHHHMajiBHaa [171 
YjiyHineHHaa [181 


1 TsB^ 1.7 FsB^ 137 MsB 
1 TsB^ 1.9 TsB^ 142 M3B 



Hcnojibsya cpe;i,HeKBa;],paTHHHoe OTKjioHeHHe ot cpe^nero b okhc fl^oBepms, x'^iQ'^ ^ ^o)^ 
CM. IIpHjiojKeHHe [21 (in2.3p . mm onpe^ejiaeM xaKofi nopor KOHXHHyyMa So^((5^), Koxopbifl 



MHHHMHSHpyex saBHCHMOcxb npaBOH HacxH f l4.ip ox napaMexpa BopejiH G [Ml , M^ 
npH Ka>K^OM sa^aHHOM SHaneHHH Q^. 

A BOX npH ^ 4: FsB^ MHHHMyM BO BceM HHxepBajie ;];onycxHML.ix SHaneHHii Sq ox- 
cyxcxByex, xax hxo neBOSMOJKHO onpe^ejiHxt nopor xaKHM mcxo^om. SaMexHM, o^naKO, 



Hxo SHaneHHa mm[x^(Q^, s)] h x^iQ"^ 



So 



.LD;(i) 

'0 



0.63 FsB ) oneHB 6jih3kh: oxho- 



CHxejiBHaa paanocxb ^jia = 4 — 10 FsB^ HMeex nopa^oK 10 — 15%^. HosxoMy b cjiy- 
Hae MHHHMajiBHo rayccoBoii Mo^ejin HBK mbi Gy^eM HcnojibsoBaxb So^((5^) = Sq^'^^\Q'^) 
KBK nopor KonxnnyyMa. 3xh noporn Sq^(Q^) ^jih MnnnMajitnoii (mxpnxoBannaH jinnHa) n 
fljia yjiyHmennoii (cnjiomnaa jinnna) rayccoBbix MOflejien HBK noKaaanbi na jieBoii nanejin 
Phc.H 

Ou;eHHB 3(|)(|)eKXHBHbie noporn KonxnnyyMa, mbi yjKe mojkcm onpe;];ejinxb npe^CKaaanne 
namero HC ^jih nnonnoro OO KaK cpe;];nee snanenne npaBon nacxn (14. ip no napaMexpy 
Bopejia M2 e [Ml, Ml): 



1 



Mi -Ml 



Mi 



F{Q\M\sf'{Q'))dM 



(4.2) 




0.8 



0.6 



0.4 



0.2 



Q'F^iQ^) [GeV^] 
1 

1 — 




/ 1 i 
/ 1 




[GeV^] 
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Phc. 4: CjieBa: SaBHCHMOCTb nopora KOHTHHyyMa So{Q^) [FaB^] fljia MHHHiviajibHOH (niTpHXOBaHHaa 
jihhhh) h fl^jisi yjiyHineHHOH (cnjiomnaa jiHHHa) Mo^ejieii HBK. CnpaBa: HopMHpoBaHHbiH nHOHHbili 
Q'^Ft^{Q'^) fljiH MHHHMajibHoit (niTpHXOBaHHaa jihhhh) h fxjisi yjiyHineHHoft (cnjiomnaa jihhhh) 
MOflejieii HBK ^jih = 0.4 FsB^ b cpaBHeHHH c SKcnepHMeHTajibHbiMii /],aHHbiMH KopnejiJia j^, 0, 
3o| (TpeyrojibHHKH) h jia6. HM.fljKe4)4)epcoHa 10| (poM6bi). 



^ Sflecb nopor Sq^'^^^((3^) aaflan CTanflapTHbiM npeflnncaHHeM npHSjiHJKeHHs jiOKajibHoii ^yajibHOCTH, cm. 



TaKJKe o6cy}KfleHHe nocjie (j5.3 
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nojiyHeHHbie npn 3tom peayjibxaTM ^jih o6eHx Hccjie^yeMbix Mo^ejiefi nejioKajibHoro Baxy- 
yMa KXJX (c o^HHaKOBbiM napaMexpoM nejioKajiBHocTH = 0.4 FsB^) noKaaaHbi na Phc.H] 
B BH^e flByx saTeHeHHbix nojioc, orpaHHHeHHbix cnjiomnbiMH h niTpHXOBaHHbiMH jihhh5Imh, 
KOTopbie noKasBiBaioT neonpe^ejieHHocTH npeflCKaaaHHii b, cooTBexcTBeHHo, yjiyHineHHoii h 

MHHHMajIBHOH MO^ejIHX HBK. 

^jiH n;eHTpajiBHL.ix kphbbix (mxpHxoBaHHaH oTBenaex MHHHMajibHoii Mo^ejiH, cnjioniHasi 
— yjiyHineHHoii) na 3tom pncyHKe, a xaKxce na o6eHX rianejiax Phc.O mbi HciiojitsoBajiH 
cjieflyiomHe HHTepnojiaii,HOHHt.ie 4)opMyjit>i: 

^.';Ln(Q^ = ^r3B^) = e-^-'°^^'"^ (l + 0.182 , (4.3a) 



F^l^^iQ' = X TsB^) = ( 1 + 0.0306 x + ) , (4.3b) 



0.0194x3 

l + x 

cnpaBe^jiHBbie npn G [1, 10] FsB^, t. e. npn x G [1, 10]. JX^e BepTHKajibHbie pa3pt.iBHL.1e 
jiHHHH Ha Phc.H] o6o3HaHaioT o6jiacTB CHjitHoro ^OBepna HocxpoeHHoro IIC KX^ c HBK: b 
3TOH o6jiacTH Hpe;i,CKa3aHH3, HOJiyneHHtie na ocHOBe flByx pa3Ht>ix MOflejieft nejioKajiBHoro 
BaxyyMa KX/], — MHHHMajiBHOH h yjiynmeHHOH — HepeKpbiBaioTca. Ha rpaHHH;e 3toh 06- 
jiacTH b6jih3h ~ 7 r3B^ H;eHTpajibHa3 jihhhh o6eHx hojiocok nanHHaioT bbixo^htb 3a 
npe^ejibi iiojiocbi npeflCKa3aHHfi ^pyroii Mo^ejiH. O^naKO ripeflCKa3aHHa: caMH no ce6e ocxa- 

lOTCH OCMt.ICJieHHt.IMH BHJIOTb flO 3HaHeHH5I ~ 10 r3B^: HpH GojIBtUHX 3HaHeHHaX OKHO 

flOBepH3 HaHHHaex cyjKaxtca, xax hto ohihGrh Mexo^a napacxaiox. 

HeflaBHHe pe3yjibxaxt.i, HOjiyneHHtie b pemexoHHoii KX/I, j3l|, HOKa3aHt.i b BH^e xeMHoii 
HOJiocbi MeJK^y flByMa jkhphbimh CHjioniHtiMH jihhh5Imh HpH MajiBix ^ 4 r3B^. Bh^ho 



flocxaxoHHO xopomee corjiacne KaK c 3xhmh HceB^03KCHepHMeHxajibHt.iMH nannbiMH, xaK h 
c peajiBHtiMH 3KCHepHMeHxajibHt.iMH flaHHtiMH, HOJiyHeHHbiMH B KopnejiJie [qI, I29I, l30| (xpe- 



yrojiBHHKH) H jia6. hm. /],>Ke(|)(|)epcoHa |10| (pomGbi). 

Ha jicBoii nanejiH PhcIS naniH pe3yjibxaxt.i HOKa3aHt.i b cpaBHennn c npe^cKa3aHHaMH 
pa3jiHHHt.ix xeopexHHecKHX Mo^ejieil: 3ejieHa3 ;];jiHHHO-mxpHXOBaHHaa: jihhhh npe^cxaBjiHcx 
pe3yjibxaxt.i pa6oxt.i j32|, HojiynenHbie c ynexoM pa^HaH,HOHHt.ix 0(as)-HOHpaBOK h BKjia^a 
xBHcxa 3 B Ho^xo^e nepecyMMnpoBaHHofl Hepxyp6axHBHOH KX/],, b xo bpcmh KaK 3ejieHaH jih- 
hhh C KOpOXKOH mxpHXOBKOH — pC^JKCBCKOH MO^^CJIH B HpC^CJie GojIbtUHX Nc (33| . KopOXKaH 

KpacHaH JKHpnaH CHjiomnaH KpHBaa, OKaHHHBaiotu;aHCH b6jih3h xohkh = 4 r3B^, oxpa- 
acaex pe3yjibxaxt>i cxan^apxHsix HC KX/], c jioKajibHt.iMH Kon^encaxaMH fill. [l3|. a Kpacnaa 
mxpHX-HyHKXHDHaa jihhhh — ne^aBHHC OH;eHKH, HOjiynenHbie b HO^^XQue HC c jioKajibHOH 
flyajEBHOcxBio j3J|. Oxmcxhm 3^ecb, hxo naniH npeacHHe pe3yjibxaxt.i (Sf, ne HOKasaHHbie na 

3X0M pHCyHKC, HpH6jIH3HXejIbHO Ha 20% Bbime 3XOH mxpHX-HyHKXHpHOH jihhhh: 3XO CB}I3aHO 

KaK c ynexoM 0(ag)-HOHpaBOK (10%), xaK h c neoHpe^ejieHHOcxHMH HpoH;e^ypt.i cniHBaHHH 
«MHrKoro» H «>KecxKoro» BKjia^oB, HCHOJib30BaBmeHC5i B jsl, (10%) (cm. o6cy>KfleHHe 3xoro 
BOHpoca B pa3JiejierVl H na Phc.[7]). HaKonen, kopoxkhh HepHtm nynKxnp, H^ytu;HH ^o xohkh 
4 r3B^, noKasbiBaex pe3yjiBxaxt.i mo^cjih |35| . ocHOBaHHoii na ypaBHeHHH Bexe-CojinHxepa. 

Ha HpaBOH HanejiH Phc.[5] naniH pe3yjibxaxt.i HOKa3aHt.i b cpaBHennn c Hpe^cKa3aHnH- 
MH rojiorpacJinnecKHX Mo^ejieii, ocHOBannbix na Hpe^cxaBjiennn o ^yajiBHOcxH AdS-KX/I,. 
>KHpHaH Hepnan ^jiHHHo-mxpHxoBaHHaH jihhhh HOKa3t.iBaex_pe3yjit>xaxt>i, HOJiynenHbie na 
ocHOBe HHOHHOH AP, H3BjieHeHHOH B AdS-KX^-HOflxo^e |36| . B xo BpeMH KaK 3ejieHag 
mxpHX-HyHKXHp-HyHKXHpnaH jihhhh — pe3yjibxaxt.i Moj\ejm FpHropHHa-Pa^^iomKHHa 
HyHKXHpnaH 3ejieHaH jihhhh j\a.eT: Hpe;];cKa3aHHH Moj\ejm AdS-KX/], c MHtKOH cxchkoh 
HaKOHen;, ^bc Bepxnne KpacHbie mxpHX-nyHKXHpHbie jihhhh HOKa3biBaiox pe3yjibxaxbi, HOJiy- 
HCHKbie B yjiynmenHbix mo^cjihx AdS-KXfl c MarKofi (jKHpHbiii mxpHX-nyHKXHp) h jkccxkoh 
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(tohkhh niTpHX-nyHKTHp) cxeHKaMH 3^1, cooTBexcTBeHHO. Bh^ho, hto sejieHBie nyHKXHp- 
Haa H inxpHX-nyHKTHp-nyHKTHpHaH xpHBtie xopomo corjiacyiOTCg c HaniHMH pesyjibxaxaMH, 
ripHHeM npe^noHxeHHe mbi OT^aeM pesyjibxaxaM pa6oxB.i j37| . nocKOjiBKy ohh ocxaBjiaiox 
Mecxo fljiH pa^HaiJ,HOHHt.ix nonpaBOK. 

Ha PhcOmbi HjijiiocxpHpyeM pasjiHHHJi npe^cKaaaHHii ^jih nnoHHoro b MHHHMajit- 
Hoii (cjieBa, inxpHXOBaHHbie jihhhh) h yjiyHineHHoii (cnpaBa, cnjiornHbie jihhhh) rayccoBbix 
Mo^ejiax BaxyyMa KX^. Pasjinnne iviejK^y bxhmh Mo^ejiHMH CBHsano, KaK mbi y>Ke roBopn- 

JIH, C BKJiaflpM KBapK-rjIIOOH-aHXHKBapKOBOrO KOH^eHCaxa ^gAqiQ^ , M^), HXO xopomo BRJl- 

Ho no BepxHHM KpHBbiM Ha o6eHX nanejiax pncyHKa. KpoMe xoro, sxo pasjinnne BjiHsex Ha 
SHaneHHe nopora KOHXHHyyMa So(Q^), hxo xaxace npHBO^HX k pasjiHHHio nepxypGaxHBHbix 
BKjia^oB (LO H NLO). Ha pncyHKe rioKasano KaKHM o6pa30M pasjiHHHtie BKjia;];t.i cyMMHpy- 
IOXC3 B KOHeHHBiH oxBex (BepxHHe JKHpHbie JIHHHH Ha KayKj^oR HanejiH): Kaac^aa h3 kphbbix 
na o6eHx nanejiax aBjiaexca cyMMofl (cHHsy BBepx) Bcex Hpe^mecxByromnx BKjia;];oB. 

OxMexHM, Hxo Bce pacnexbi 6t.ijiH c;];ejiaHt.i naMH jiJis snaneHHa napaMexpa nejioKajib- 
HocxH, paBHoro = 0.4 FsB^, Koxopoe OKasbiBaexca Bt.i;];ejieHHbiM anajiHSOM |40l . 41 ^an- 
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Phc. 5: CpaBHeHHe npe^cKasaHHii fljiH nnoHHoro 0<D Q'^F-^{Q'^)^ nojiyHeHHbix b pasHbix TeopeTHHe- 
CKHX no/];xo/],ax. Hamn pesyjibxaTbi noKasanbi na o5ohx nanejiHX tcmh JKe saTenenHbiMH nojiocaMii, 
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II Ha Phc. HI 


Q^F^iQ^) [GeV^] 




« " - - - 


- - 'qAq 

- - _ _ _ 2V 


^ : : : :g - 

^ — 


. _ 4Q 




NLO ~ ~ - - - 


LO 


[GeV^] 
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Q^F^iQ^) [GeV^] 






qAq 




4cr~~~^ 






^ ---~-____M.O 




LO 






[GeV^] 
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Phc. 6: CpaBHCHHe paSJIHHHblX BKJiaflOB B HHOHHblH (I>(P B MHHHMajIbHOH (cjIBBa) H yjiyHHieHHOH 

rayccoBbix Mo^ejiax BaKyyMa KX^. BHH3y HOKasanbi nepxypGaTHEHbie O (l)-BKjia/];bi (MeTKa LO 

nOfl KpHBblMH), Hafl HHMH H/I,yT KpHBblC, OTBeHaiOIII,He CyMMC O (1)- H O (Q;s)-BKJiaflOB (ivieTKa NLO), 

a flajiee no TOMy jkc npHHn;Hny noKasanbi flo6aBKH HenepTyp6aTHBHbix BKjia/i,OB ot: HCTbipexKBap- 
KOBoro CKajiHpHoro KOH/i,eHcaTa (4Q), 6HjioKajibHoro BCKTopnoro KOH/i,eHcaTa (2V), KBapK-rjiiooH- 
aHTHKBapKOBoro KOH/];eHcaTa {jlAq) h rjiiooHHoro KOH/i,eHcaTa (G). 
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HL.IX CLEO no (jDOTOH-nnoHHoro nepexo^a. HcnojibsoBaHHe 66jibmHx aHaneHHii sToro 
napaMexpa nejioKajibnocxn npnBejio 6t.i k yMenbmennio namnx npe^cKaaannii ^jih sjiexxpo- 
Marnnxnoro nnona 3a cnex 6ojiee cnjitntix 3(|)(|)eKXOB nejioKajibnocxn (saMexHM, nxo 
BKjiaflbi B nC ^jia nnonnoro ox HBK nponopn;HonajiBnL.i exp[— Q^A^/M^], cm. (13. 6p ). 
OHeBHflHO, nxo Menbmne snanennH A^ Hao6opox noBbicax snanenna nnona b nameM 
noflxo^e. TaKHM oGpaaoM, namn npeflCKaaanna na Phc.HI xopomo corjiacyromneca c sKcne- 
pHMenxajibnbiMn n pemexonnbiMH ;];annL.iMH, ;];aiox ern^e oflfio CBn;];exejibcxBO b nojibsy npe^i;- 
nonxHxejibnocxn ananenna napaMexpa nejioKajitnocxn A^ = 0.4 FsB^ b rayccoBbix Mo^ejiHX 
nejioKajiBHoro BaxyyMa KXfl. 



V. Xloflxo^ jiOKajibHOH flyajitHOCTH 

IIpaBHjia cyMM b no^xo^e JIJX coBceM ne HMeiox Kon^encaxntix BKjia^OB H3-3a npe^ejib- 
noro nepexo^a — )■ oo. Ho axoii npnnnne onpe^ejienne nopora Sq b xaKOM no^xo^e, 
cxporo roBopa, neB03M0>KH0 — ny>Kno npHBjiexaxb ^onojinnxejibnbie apryMenxbi. 06t>inno 
nojibsyioxcH xoac^ecxBOM Yop^a, CBasbiBaioninM xpexxonenntin AI^A-Koppejiaxop c flByx- 
xonennbiM AA-KoppejiaxopoM b npe;];ejie — > 0, nxo roBopnx o xonnoM paBencxBe noporoB 
jlJis nnonnoH Koncxanxbi pacna^a n ^jia Ft^[Q'^) b noflxo;],ax JIJX npn Q"^ — )■ 0. 3xo 

osnanaex, nxo npn Majibix snanennax <C 1 FsB^ nopor s^'"^*^ \Q'^) ~ ^o' ■ 

KaK 6t>ijio noKasano b pa6oxax js], H, 11, 13, 21, 2^ , ocnoBnon BKjia^ b nnona npn 
Majibix < 10 FsB^ o6ecnenHBaexcH MexannsMOM OennMana 6e3 o6Mena acecxxnMn rjiio- 
onaMH, KoxopbiH no sxon npn^HHe nacxo HasBiBaexcH «M3rKnM» BKjia^oM. B no^xoge JLR 



3XOX BKjia^ nojinocxbK) renepnpyexca nepxypGaxHBHoii cneKxpajitnon njioxnocxtio |lll . |12 
B (/ + l)-nexjieBOM nopa^Ke** mbi nMeeM 



s s 



(5.1a) 
(5.1b) 



r^e s]f'^''\Q'^) — 34)4)eKXHBHbiH nopor JIJX BKjiionenna Bbicmnx cocxoannii b axcnajibnoM 
Kanajie, a pl^\si, S2,Q'^) — xpexxonennaa (/ + l)-nexjieBa5i cneKxpajibnaa njioxnocxt. B 
Be^yn^eM nopa^xe, pf\si, S2,Q^) nsBecxna, cm. 02. 6p . xaK nxo 



s 



g2 + 45 V g' + 45 



HpeflnHcaHHe JIJJ, fl^Jis ^Byxxonennoro Koppejiaxopa fl,a.eT cooxnomenna |12l . [2 

4vrV.^ 



.LD;(o), 

'0 



(0)=4 7rV^ n .r^W(O) 



as{Ql)/TT ' 



(5.2) 



(5.3) 



rfle Qq ~ Sq°'''°^(0). 3xo npe^nncanne ecxb cxporoe cjie^cxBne xojK^ecxBa Yopp^a fljia AAV- 
KoppejiHxopa ns-sa coxpanenna BCKXopnoro xoKa. B npnnn;nne, g^-saBncnMocxb napaMexpa 



TpeyrojiBHRH ^HarpaMMa na o^HoneTjieBOM ypoBne c caMoro na^^ajia ne cofiepyKin HHKaKiix pap^waniion- 
Hbix nonpasoK. HosTOMy ©(a^j-nonpaBKH fljiH STOii fliiarpaMMbi eosHHKaroT b (/ + l)-neTjieBOM nopaflKe. 



14 



So^(Q^) (15. ip jjpjiyKna onpe;];eji3TbCH h3 HC KX/I, npn ^ 1 FsB^. O^^naKO, kek mm 
yjKe roBopHjiH b pas^^ejie [Til cxaH^^apTHbifi no^xo^ HC KXJX cxaHOBHTca HenpHMeHHMbiM 
npH > 3 TsB^ H3-3a noaBjieHHH KOH^encaTHbix BKjia^OB, jiHHeiiHO pacxymnx no 



\2l\ . |42|. HosTOMy Q^-saBHCHMocxt 3(|)(|)eKTHBHoro nopora JIJX Gt-ijia HSBecxHa tojibko ^jisi 
^2 FsB^, H no 3TOH npHnnne oGbinno npnMenajiact. annpoKCHMan;H5i b BH^e KoncTanTbi 



sl. [m. 19 , 43|. s^^'^^\Q'^) ~ Sq°'^*^-'(0), hjih cjia6o saBHcamee ot npnGjinaceHHe 

a.(Q2)/7r 



KaK 3TO 6t.IJIO CJJ^ejl&HO B 13. 



(^?') = . , „ /, > (5-4) 



B pa6oTe [8| mbi npe^jioJKHjin Mo^ejib nojinoro nnona, ocnoBaHnyio na anannn (J)aK- 
TopnayeMOH nacxn OO, KOTopaa paccnnxBiBajiacB b KOJiJinneapHOM npnGjin- 

a<;eHHH B 0(a^)-nop3flKe Teopnn BOSMyn^ennn KXJX- Cjie^yex otmcthtb, nxo 4)aKTopH3ye- 
Mbiii nepTyp6aTHBnL.iH BKjia^ HMeex nenpaBHjitnoe noBe^enne npn = 0, KOTopoe flOJiJKno 
6b.itb HcnpaBjieno ^jia BtmojinennH Toxc^ecTBa Yop^a (WI) -F7r(0) = 1. /Jjih SToro b jsj mbi 
npe^jioJKHjiH cjieflyiomyio npon,e^ypy cmnBanHa: 



^WI;(2)(g2) ^^LD,(0)(g2) ^ (^^-^^^j F^^^^^^'\Q') (5.5) 

c s^Q^ ~ 0.6 FsB^. 3to npnGjiHJKenne 6l.ijio ncnojibsoBano «CKjieHBaHHa» Mo^ejin 

JIJX Be^yn^ero nopa^Ka ^jih «M5irKOH» nacxn, Fn^'^^\Q'^), Koxopaa ^OMnnnpyex npn Ma- 
jibix < 1 FsB^, H nepTyp6aTHBHOH nacxn acecxKoro nepepacceannH, F^'^'^^'^'^\Q'^), ko- 
Topaa ynHTbiBaex KOjijinneapHbie 0{as) + 0(a^)-nonpaBKH n npeo6jia;];aeT npn Gojitmnx 
^ 1 FsB^), xaKoro nxoGbi Bbinojinajioct xoac^ecxBO Yop^a F^^'''-^\0) = 1. Ajisi 

npo- 

BepKH KanecxBa sxofl npou;eflypB.i cmnBannH mbi npoBo^HM cpaBHCHHe nojiynaeMoro c ee 
noMomtio F^^'^'^\Q'^) c Mo^ejiBK) JIJX (15. ip na ^ByxnexjieBOM ypoBne (x. e. b 0{as)- 
npnGjiHJKenHH [l9|). C axoii n,ejiBio mbi cxpoHM anajiornnnyio 0(as)-Mo^ejiB 

^WI;(l) (Q2^ ^ pLD,{0) (q2-. , O^sjQ'^) 2 Sp"'^"^ (0) 



^ (2sJ°^(')(g2) + Q 

rge mbi ncnojibsoBajin Bbipaacenne j^jis acHMnxoxHKH nnonnoro b nepxyp6axHBnoH KXJX 



44 



H npHMenaa xox ace caMbin scjDcjDeKXHBnbin nopor JIJJ^, nxo n b |34|, a HMenno, sq = 
Sq^'^^^(Q^), cm. (15. 4p . Cjie^yex oxmcxhxb, nxo Mo^ejib fJ^^'^^\q'^) , cjie^yiomaa h3 npon,efly- 
pti cniHBanna: (I5.6ap . pa6oxaex cobcbm nenjioxo, xoxh h Gtijia npe^jiojKena b l8| 6e3 ananna 
xonnoil flByxnexjieBon cneKxpajitnon njioxnocxn, paccnnxannofi nosace b jl9|. HanoMnnM, 
nxo KjiioHeBbiM MOMenxoM sxon npou;eflypbi cmnBanna aBjiaexca ncnojiBSOBanne Hn(|)opMa- 
n,Hn o noBefleHHH F^^^Q^) b ^Byx acHMnxoxnnecKHX pejKHMax 

1. —7- 0, r^e xojKflecxBo Yop^a ^HKxyex F^(0) = 1 n, cjie^oBaxejibno, Ft,{Q'^) ^ 
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Phc. 7: CpaBHeHHe tohhoto 0(as)-pe3yjii.TaTa fl^jia nnoHHoro OO b noffxofl^e jioKajibHoii flyajibHO- 
CTH F^°'^^Hq2) (^epHbie tohkh) c MO/iejiHMH (([^^ ^jjgg^) ^Sp^('5^'^0°'^^^(^^)) 

( (j5.7p . cnpana), noKasaHHbiMH na o6eHX nanejiax cnjiomHbiMH jihhhhmh. AcHMnTOTHHecKoe nep- 
Typ6aTHBHoe KX^-npeflCKasanne F^'^'~'^'^^\q'^) TaKJKe noKasano b BH^e nyHKrapHoii jihhhh. 



2. ^ r^e F^{Q^) ~ 



pQCD,{l) 



fljiH Toro, HTo6t.i corjiacoBaHHo oGiaeflHHHTb «>KecTKyio» nacxb nnoHa c ero «M5irKOH» 
HacTbK). HHCJieHHbiH anajiHs cjDopMyjibi f l5.6ap rioKasbiBaex, hto npe^jiojKeHHaa npon;e^ypa 
cniHBaHHii ^aex ^ocTaxoHHo tohhbih oxBex: oxHocHxejiBHaa omnGKa MeHHexcH ox 5% npn 
= 1 FsB^ flo 9% npH = 3 — 30 FbB^. FpacjDHHecKoe cpaBHeHHe (chhhh 
cnjioniHaa jihhhh) c xohhbim peayjibxaxoM JIJX (15. ip c ^ByxnexjieBoii CHeKxpajiBHoii hjioxho- 
cxBK) jHI (nepHBie xohkh) noKasano na jieBoii nanejin Phc. [71 3^ecb xaKJKe noKasan hhcxo 
nepxypGaxHBHbiH BKjiafl Q'^F^^'~^^'^^\Q'^) (Kpacnaa mxpHXOBaHHaa jinnna) 6e3 nonpaBOHHO- 
ro (|)aKxopa corjiacoBaHHa [Q"^/ (2so+Q^)]^, HcnpaBjiaioniero noBe^eHHe b o6jiacxH Majibix 
(H3-3a oxcyxcxBHH 3xoro (|)aKxopa 3xa KpHBaa cxpeMHXCH k KoneHHOMy SHaneHHio 0.21 FbB^ 
npH — )■ H He o6pani;aexcji b 0). 

KaK xojiBKO CHeKxpajiBHaa hjioxhocxb p^^\si, S2,Q'^) cxajia HSBecxHoli fl9| . cxajio bos- 
MOJKHbiM yjiynmnxb Hpe^cxaBjienne «M3rKOH» nacxH, OHHCbiBaionieH BKjia^ JIJX b fl5.6ap . 
3a cHex ynexa Be^yn^eH 0(as)-HOHpaBKH b ajieKxpoMarnnxHOH BepniHHe. B pesyjibxaxe mm 
yxoHHHjiH CBOio npejKHioio Mo;];ejib jiJis cniHBaHHa «M3rKofi» h «>KecxKoil» nacxefi — xenepb 
oHa flpjiTKHa 6paxbCH b Bnp^e F^^^piQ^, s]f'^^\Q'^)), r^e 



7r;imp 



s 



TX 



_^ ^pQCD,(l)(^g2 



2S 



2S + Q^ 



25 + Q2 



(5.7) 



3flecb Mbi 3BHO BBejiH saBHCHMOcxb OX nopora 5, Hxo6bi npHMenaxb sxy cJiopMyjiy no3;],Hee c 
noporoM S = sjf^''^^ {Q"^) , HSBjieHeHHbiM hs cpaBHeHHs nojiyneHHbix naMH pesyjibxaxoB b IlC 
KXJX c HBK c 0(a<()-rio^xo^oM Jl/I,. Oxmcxkm, hxo npe^jiojKeHHoe naMH yjiynmeHHe HMeex 

npaBHjibHoe noBe^eHne npn — )■ 0, ecjiH npn sxom S ~ Sq^'^^\Q'^) = 47r^/^/(l+as(Q^)/7r). 



B caMOM jiejie, mm HMeeM F^^'^^\o, S) = S/ (Air'^f^) h sa cnex xoro, hxo BKjia^ F^^'"^'^''' [Q"^) 
B 3XOM npe^ejie o6pairi;aexca b hojib Gjiaro^apa 4)aKxopy [Q"^/ (2S'+Q^)]^, nojiHbm peayjibxax 



,pQCD,(l) 
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ecTb''"'' 



LD;(l)/^x 



TT 



1. 



7r;imp V"5"U V"// 471^/2 

rpa4)HHecKoe cpaBHeHHe tohhocth yjiyHineHHofl Mo;];ejiH b cpaBHeHHH c tohhbim oxBexoM JIJX 
B oflHonexjieBOM npnGjiHacenHH npoBe^eHO Ha npaBofl nanejiH Phc.[71 Xopomo bh^ho, hxo 
HOBas 4)opMyjia cniHBaHHa (15. 7p pa6oxaex jiynme: ee oxHOCHxejitHaa omnGKa yMeHbiuHjiacb 
flo 4% npn g2 = 1 - 10 TsB^ h 3% npn ^ 39 ^3^2 

UpoflpjiyKaa npe^jioaceHHyio npoii;e^ypy na flByxnexjieBofi ypoBenb, mbi nojiynaeM ;i;Byx- 
nexjieByio oij;eHKy nHOHHoro QQ, r-n- [Q ,Sq [Q )), b cjie;];yioiii;eM Bvij\e: 



^WI;(2)(g2^^)^^LD;(0)(g2^^) 



S (as{Q^) f 2S 



r^FAPT,(2) /^2\ 7^PQCD,(2) /^2\ 

r^e r-K [Q ) ecxb anajiHXHHecKoe BtipaJKeHHe, Koxopoe nojiyneHO h3 r-K [Q ) c 

noMombK) flATB npH Bi>i6ope ne saBHcamero ox sHaneHHa MacmxaGa (J)aKxopH3au,HH 



^FAPT,(2)(Q2) ^ ^(2)^g2) ^L0^g2. ^2 ) + 1 42)^^2) ^(1,F)(q2. ^2 ) 



1 



+ -4'^(Q^) 

vr 



A2 



(5.9) 



H Koxopoe ^aex ^jia 4)aKxopH30BaHHOH nacxH cpcp pesyjibxax, oneHb Gjihskhh k nojiynaeMOMy 
B ATB npH cxaH^apxHOM Bt>i6ope MacmxaGoB, /^r = /^p = Q^- 

3xa Mo^ejib ^aex HaM bosmojkhocxb ripHMennxb 0(Q!^)-pe3yjiBxaxL.i KojijinneapHoro npn- 
6jiHJKeHH5i nepxyp6axHBHOH KXJX pacnexa nnoHa b ^ByxnexjieBOM npnGjiHJKeHHH 
6e3 SBHoro cnexa xpexnexjieBoii xpexxoneHHOH cneKxpajitHoii hjioxhocxh — a 3xox cnex ^o- 
cxaxoHHO cjiojKeH. OxMexHM, HTO npH Mo^ejiHpoBaHHH o^HoriexjieBoro BbipaJKeHHH JIJX b 
3XOM no^xo^e c rioMomtio (15. 7p . KaK mbi xojtbko hto rioKasajiH (cm. jieByio nanejit Phc.[7]), 
omnGKa nojiynaexcH ne 6ojiee 10%. HocKOjiBKy oxHOCHxejitHbiii BKjia^ ^ByxnexjieBoii no- 
npaBKH B rmoHa caM no ce6e HMeex riopa^oK 10%, cm. js], [28|, xo oxHOCHxejitHaa omnGKa 
Hameii oij,eHKH 0(Q;^)-nonpaBKH nojiynaexca na ypoBHC 1% — ecjiH xojibko mbi ynjiH 0{as)- 
rionpaBKy xohho aa cnex cneii;HajibHoro Bbi6opa Sq{Q^), KaK sxo h ^ejiaexca b (I5.10p . To ecxb 
Bce, Hxo HaM Haflo ceflnac c^ejiaxb, sxo nocxpoHXb 3(|)4)eKXHBHbie noporn JIJX Sq^'^^\Q'^). 

KaK Mbi yjKc roBopHjiH b caMOM nanajie sxoro pas^ejia, sa^ana nojiyneHHa 3(|)(|)eKXHBHo- 
ro iiopora KOHXHHyyMa Sq^(Q^) aBjiaexca ij,eHxpajibHoii ^jia rio^xo^a JI/I,. C Hamefl xohkh 
speHHH, OHH flojiJKHbi onpe^ejiaxbCH h3 ycjiOBHH coBnafleHHH pesyjibxaxoB JIJX c pesyjib- 
xaxaMH 6opejieBCKHx IIC KXJX. B npe^bi^ymeM paa^ejie mm nocxpoHjin h o6pa6oxajiH xa- 
KHc nC H riojiyHHjiH HHxepnoji5m,HOHHbie 4)opMyjibi (I4.3ap - (14.3bp . Koxopbie npHMeHHMbi ^jih 



06biHH0 npiiMeHfleTCH «3aMopajKHBaHHe» nopora s^^'^^\q^) = 47r^/^/(l + asiso)/n) npn < so — 
0.6 FaB^. B stom cjiynae TaKoe jKe «3aMopa}KHBaHHe» flOjiJKHO HcnojibsOBaTbca b (|5.7|I ^jih apryMeHia 
as'. as(Q^) — > Q!s(so) npH < sq. HanoMHHM, hto ^jih npaBHjiBHoro paCTeia sjieKTpoiviarHHTHoro 
paflHyca nnoHa (t. e. npoHSBOflHoii nHOHHoro OcD b o6jiacTH Majibix Q^) Heo6xo;i,HMO npHMCHHTb flpyroii 



Tiin onepaTopHoro pasjiojKCHHH h cooTBCTCTByiomee eMy /i,pyroe IIC — fleiajiH cm. b 21J . 
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soiQ') [GeV^ 



0.8- 



0.6- 



[GeV^ 



Phc. 8: 34)4)eKTHBHbie noporn KOHTHHyyMa SQ^n^piQ'^) (cnjioniHaa jiiiHiia) h Sq^^^{Q'^) (uiTpn- 
xoBaHHaa jiHHHa), annpoKCHMHpyioiii,He pesyjibTaTbi HC KX^ c HBK c noMoiii,bio 0(as )-4)opMyji 
jiOKajibHoit /lyajibHOCTH (|5.7p . 



E [1, 10] FsB^. Tenepb c hx noMombio Mt.i MoaceM onpe^ejiHXb cooTBeTCTByiomHe 34)(|)eK- 
THBHbie noporH Sg^'fjf (Q^) h SQ^mpiQ"^) ^ MHHHMajibHOH H yjiyHuieHHOH rayccoBbix MOflejisx 
BaxyyMa KXJX, cooTBexcTBeHHo: 

{Q^s^X(Q"))=F'%nm, (5.10a) 

(Q^4MpW)) =i^.';Lp(Q') • (5.10b) 

PemeHHsi 3thx ypaBHeHHH, a HMeHHo, Sq^^^{Q^) h s^^^^^lQ"^), noKaaaHti na Phc.[81 Ohh mo- 
ryx 6b.itb npe^cxaBjieHBi b 3toh o6jiacTH SHaneHHii xaKHMH HHTepriojia:ij;HOHHB.iMH 4)op- 
MyjiaMH: 

SomTrf(<5^ = X TsB^) = 0.57 + 0.307 tanh(0.165x) - 0.0323 tanh(775x) , (5.11a) 



7^WI;(l) „LD-eff^ 
7r;imp 

pWI;(l) 
7r;imp 



,LD-eff 
'0,imp 



(Q2 = X TsB^) = 0.57 + 0.461 tanh(0.0954a;) 



(5.11b) 



Mbi bh;i,hm, hto o6a nopora yMepeHHo pacxyx c pocxoM Q^. 

PesyjibTaxbi nnoHHoro OO, nojiyHeHHbie c noMombio Hamefl ^^ByxnexjieBofi Mojieji'a 
(15. 8 p H 34)4)eKXHBHt.ix HoporoB KOHXHHyyMa SQ^jfjf((5^) H Sg^^'rf (Q^), noKasanbi na FhcIHI 



0.8 



0.6 



. 4 



0.2 



Q'F^iQ') [GeV^] 




2 4 6 


[GeV^] 

8 1 



0.8 



. 6 



0.4 



0.2 



Q'F^iQ') [GeV^] 




















[GeV^] 



8 10 



Phc. 9: CpaBHeHHe npeflCKasaHHH fljia niioHHoro (DO? Q'^Ft^{Q'^), nojiyHeHHbix no cJ^opMyjie ()5.8p c 
HcnojibsoBaHHeM 34)4)eKTHBHbix noporoB KOHTHHyyMa Sg^^(Q^) (cjieBa) h s^YmpiQ"^) (cnpaBa). 
FesyjibTaxbi HC KX^ c HBK noKasanbi na o6eHX nanejiax TeMH iKe saTenenHbiMH HOjiocaMH, hto 
H Ha Phc. [H b to BpcMH KaK 0(a^)-npe/],CKa3aHHHM OTBcnaioT JKHpnbie HiTpnxoBaHHbie hojiocm, 
cjierKa HpeBbimaKiH],He H,eHTpajibHbie jihhhh saTenenHbix hojioc. 
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KoHeHHaH niHpHHa mxpHxoBaHHbix nojioc cBHaana c ynexoM pasGpoca napaMexpoB 02 h 



04 nnoHHoii AP b ny^Ke Mo^ejiefl, flKKxyeMBix HC KX/I, c HBK |17l . Il8l |45|. H3 sxoro 
pHcyHKa MBi BHflHM, HTo caMoe 6ojibmoe sHaneHHe ^ByxnexjieBaa nonpaBxa ^aex b o6jiacxH 
> 4 FsB^, flocxHraa sflect ypoBHH 3 — 10%, hxo na KOJinnecxBeHHo nenjioxo coBnaflaex 



c on;eHKaMH, nojiyHeHHbiMH naMH panee b ^ATB [8|, |28 



VI. SaKJiKJHeHHe 

Mbi nocxpoHjiH H npoanajiHSHpoBajiH jiJis ^Byx rayccoBbix Mo^^ejiefi nejioKajiBHoro KX/I,- 
BaxyyMa xpexxoneHHoe npaBHjio cyMM KXJX sjieKxpoMarHHXHoro nHona. K ^ocxo- 
HHCXBaM xaKoro anajiHsa cjie^yex oxnecxH neaaBHCHMOcxb pesyjibxaxoB ox npocjDHjia hhoh- 
Hoii AP — 3XO npHBOflHx K yMeHBineHHio xeopexHHecKOH Heonpe^ejieHHocxH, cBHsaHHoii c 
napaMexpH3aij;HeH nnoHHoii AP b hhskoh xohkc HopMHpoBKH (nopa^Ka 1 FsB). KpoMe xo- 
ro, MB.I rioriBixajiHCB yMeHBinnxt BjiHSHHe napymeHHa KajinGpoBOHHoii KHBapnaHXHOcxH, hh- 
flyn;HpyeMoii rpyGtiM Mo^ejinpoBaHHeM nejioKajiBHOcxH BaKyyMHBix KOH^encaxoB: b HaniHX 
pacHexax mbi ynjiH He xojibko MHHHMajibHyio rayccoBy Mo^ejit HBK, ho xaKJKe h yjiynmeH- 
Hyio Mo^ejib, paapaGoxaHHyio naMH b (18| . 

HojiyHeHHtie naMH pesyjitxaxti mojkho cyMMHpoBaxt cjie^yiomHM nepenneM. 

OcHOBHbie npe^cKasaHHH fljia nnoHa F^^IQ"^) noKasanbi na Phc. |1]b cpaBHeHHH c 

H 



cymecxByiomHMH sKcnepHMeHxajibHbiMH ^aHHbiMH (cxaptiMH) KopnejiJia |9|, |29|, |30 



(Gojiee hobmmh) rpynnti JLab 10|. OKaaajiocb, hto ynex 0{as)-BKjiap,a b cneKxpajit.- 



Hyio njioxHocxB iiobbichji npe^cKaaaHHe ^jih b cpeflHCM na 20%, hxo necKOJitKO 



MeHBine npe^bi^ymnx on;eHOK oxHocHxejitHoii BaacHocxH xaxHx nonpaBOK |19l . 134 



KaK xopomo bh^ho h3 Phc. H] n;eHxpajibHa5i jihhhh npeflCKaaaHHH ^jih nnona, no- 
jiyneHHtix B yjiyHineHHoii mo^cjih, jieJKHX BHyxpn nojiocbi ohihGok MHHHMajitHoii mo- 
^ejiH Bnjioxb ^o sHaHeHHH fa 7 FaB^, hxo roBopnx o cpaBHHMOM KanecxBe npe^cxa- 
aaHHii o6eHx rayccoBtix Mo^ejieii HBK b axon o6jiacxH. OcHOBHoe oxjikhhc ueyKpy sxh- 

MH flfiJMS MO^ejIHMH CB5I3aHO C paSJIHHHblMH BKJiaflaMH KBapK-rjIIOOH-aHXHKBapKOBOrO 

KOH^eHcaxa ^gAqiQ"^, M"^) (cm. Phc. E]). 

HojiyHCHHtie naMH npeJCKaaaHHg xopomo corjiacyioxca: c peayjitxaxaMH He^aBHHx pe- 
mexoHHbix pacnexoB |3l| nnoHHoro npH ^ 4 FsB^. 

Mbi nocxpoHjiH xaKJKe 34)(|)eKXHBHt.ie noporn KOHxnnyyMa fl,Jis no;];xo;];a jioKajibHoft 
;];yajibHocxH, Koxopbie nosBOjiaiox b sxom no^xo^e HMHxnpoBaxb pesyjibxaxbi, nojiy- 
HeHHbie HaMH b no^xo^e 6opejieBCKHX HC KX^. CpaBHCHHe HaniHX npe^cKasaHHfi c 
nojiyneKHbiMH panee b nojixojie jioKajibHoii ;];yajibHocxH js^l BbisBjiaex CHCxeMaxHHe- 
CKoe npeBbimeHHe Hamnx pesyjibxaxoB. HpHHHHofi xaKofl pa3HHii;t.i aBjiaexca xox 4)aKX, 
HTo scjDcjDeKXHBHbiH Hopox KOHXHHyyMa (Q^) xopoHio onpc^ejicH xojibKo B oGjiacxH 
Majibix Q^. T^Jia GojibniHx aBxopbi j3J| npe^jioacHjiH nojibsoBaxbCH jiorapH4)MHHe- 
CKH pacxymHM noporoM 



47r2f2 



l + «.(Q2)/vr 



paBHbiM 0.67 FsB^ npn 10 FsB^. HocxpoeHHbiii naMH 3(|)4)eKXHBHbiH nopor 

KOHXHHyyMa, HMHXHpyiomHH pesyjibxax HC KX^, oxasbiBaexca Bbime: Sq°((5^ = 
10 FsB^) = 0.87 FsB^. 3xo osnanaex, hxo omnGKa b onpe^ejieHHH b o6jiacxH 
= 10 FsB^ oKasbiBaexca nopsflxa 20%. 
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5. Ha ocHOBe TOJK^ecTBa Yop^a ml.i nocxpoHjiH j8|, |46| npon;eflypy corjiacoBaHHH (J)aK- 
TopHsyeMoii nacxH nnoHa, paccHHTtiBaeMOH b KOjijiHHeapHoii KX/I,, c Mo^ejiBio 
He(|)aKTopH3yeMoro BKjia^a, nojiynaeMoii b no^xo^e jioKajibHoii flyajitHocxH c ncnojit.- 
soBaHHeM nocxpoeHHbix 3(|)(|)eKTHBHt.ix noporoB KOHXHHyyMa. C ee noMomBio mbi no- 
cxpoHjiH BBipajKeHHe fljiH 00 HHOHa B 0(Q;^)-npH6jiH>KeHHH B pasBHTOM HaMH no^xo^e 



BjiaroflapHOCTH 

3Ta paGoxa Gtijia BbinojiHena npn (|)HHaHcoBoii no^epjKKe rpanxoB POOH ^"2 08-01- 
00686 H 09-02-01149, nporpaMMti coxpyflHHHecxBa BPOOH-OHHH (xoHxpaKx FIOD- 
001), rpanxa 2010 r. nporpaMMbi FeHseHGepr-JlaHflay. 



IIpHJiojKeHHe 1. napaMeTpH3aii,HH HejiOKajitHtix BaKyyMHtix KOHflencaTOB 

KaK npHHHxo b no^xo^e HC KX/],, mbi HcnojitayeM xajinGpoBKy OoKa- 
LQBHHrepa x^A^(x) = 0. Ho sxoii npHHHHe Bce cxpyHHbie BcxaBKH C(x,0) = 
V exp^—igsf^ t°'A'^{y)dy^~^ = 1, HeoGxo^HMbie ^jih oGecneneHHa KajinGpoBOHHoii HHBa- 
pnaHXHOcxH HejioKajibHbix o6x.eKXOB, oGpamaioxca b ejiwauy npn BbiGope KOHxypa 
HHxerpnpoBaHHa b Bnjie npsMofi jihhhh, coe^HHaromefl xohkh h x. 

MHHHMajiBHaa rayccoBa Mo;];ejib nejioKajiBHoro BaxyyMa KX^ oxBenaex cjie;];yioiri;eMy 
aH3aii;y: 

/, (a, /3, 7) = 5 (a - A) 5 (/3 - A) 5 (7 - A) (Hl.l) 



c napaMexpoM A = Xq/2. KaK 6t.ijio noKasano b HaniHx pa6oxax jl8|, |47|, b sxoh Mo^ejin na- 
pymeHbi ypaBHCHHa flBHJKeHHH KXJX h ;];ByxxoHeHHbiH Koppejiaxop BeKxopHbix xokob HMeex 
npo;];ojibHyio cocxaBjiaiomyio. J^Jin xoro, hxo6l.i BbinojiHHXb ypaBHeHHe fl^BuyKeHus KX/],, 



CBHSBiBaiomee BeKxopHbie 6HjioKajibHt>ift (I3.2bp h KBapK-rjiiooH-aHXHKBapKOBbie KOH^enca- 



xbi fl3.3ap . H B xo ace BpeMa MHHHMHSHpoBaxb nenonepeHHOcxb VV-KoppejisTopa, HaMH 6t>ijia 
HpeflJioacena yjiynmeHHaa rayccoBa Mojiejih BaxyyMa KXJX (l8| : 



fr' («, /3, 7) = (1 + XA + Y,dy + Y,d,) 6 {a - xA) 6 (/3 - yA) 6 (7 - ^A) , (H1.2a) 

Tfl^e z = y, A = h 

Xi = +0.082 ; X2 = -1.298 ; X3 = +1.775 ; x = 0.788 , (HI. 2b) 

Yi = -2.243 ; Y2 = -0.239 ; Y3 = -3.166 ; y = 0.212 . (H1.2c) 

3a cHex ypaBHenns ^BHJKeHHH KX^ 3xh napaMexpti y^oBjiexBopjiiox cjie^yiomnM ycjioBHHM: 

12 (X2 + r2)-9 (Xi + Fi) = 1, x + y = l. (H1.3) 

HejioKajiBHbie BaKyyMHtie KOH^eHcaxbi 4-KBapKOBL.ix onepaxopoB, KaK o6b.ihho, cBe^e- 
Hbi K npoH3BefleHHaM ^Byx CKajiapHbix KBapKOBtix KOH^encaxoB ( I3.2ap c HciiojitsoBaHHeM 

rHHOXeSbl BaKyyMHOH ^OMHHaHXHOCXH (20| . 
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IlpHJiojKeHHe 2. HHCJieHHbie napaMeTpti ^jih npaBHJi cyMM KX^ 



Mbl npHBO^HM 3^eCb BL.ipa>KeHH3 ^JI3 K034)4)HIJ,HeHTHbIX 4)yHKIi;HH PilM"^ , a, b, X , y) H 

Si{M'^,a,b,x,y), Koxopbie onpe^ejiaioT BKjia^ KBapK-rjiiooH-aHTHKBapKOBt.ix KOH^eHcaxoB, 
^qAq{M'^,Q'^), B nC p^Jin 00 HHOHa, CM. fl3.10p :^-^ CnaHajia BBinHineM K034)(|)Hii;HeHTHi.ie 
4)yHK^HH PiiM"^, a, b, x, y): 



Pi = y 

+ bx 
by 



a 



2 

5 — a 



V 

+ - 

X 



a — 5 



+ b 



a + 1 



1 + a 



5(a) 



+ 



X 



2 

1 - 2a + 
a — 7 



bQ' 
2M2 
bQ' 
2M2 1 X 



bQ' 



1 + a 
1 

1 + a 
20 



by 
1 



1 + a 2 



5{a) + 5(a) 



16 



1 + a fl + a) 



X 



P2 
P3 



2M2 [y 

-2|/a _ 

— ) 

X 

4?/ 



a + 3- 
a — 6 + 



10 



1 + a 
14 



:i + a) 



y 

X 



1 + a (1 + a)" 
6 



1 + a (1 + a) 



1 + a (l + a)2 
2 



+ 



1+a 1+a 



Tenepb K03(|)4)Hi];HeHTHbie 4)yHKii;HH Si{M^, a, b, x, y): 



(n2.1a) 



(n2.1b) 
(n2.1c) 



Si=y 

+ bx 
by 



'3a 2b' 

9 - 3a 



V 

+ - 

X 



3a + 7 3b 
a 



+ 



+ 



X 

bQ' 
2M2 

n 



2 1 + 1 
(5(a) - 6a - 2 + 



2 

+ by 
1 



3a — 7 



1 + a 



6a -9 + 



2M2 



3a- 15 + 
9 - 3a 



1 + a 2 
40 32 



6{a) 



1 + a 
2 



1 + a 



7 ^/ N 



3a - 10 



6{a) 



1 + a 



2M2 [y 



3a- 12 



1 + a (l + a)2 
28 16 



y 

+ - 

X 



12 

3- , + 



(1 + a 
16 



1 + a ( 1 + a ) 



x2 



1 + a ■ (l + a)2 
6 2 



1 + a (1 + a) 



(n2.2a) 



JlflR coKpameHHa sanHCH apryMCHTbi sthx 4)yHKLi,HH ne BbinHcanbi — npe/i,nojiaraeTCH, hto ohh hmciot 
Be3;i,e o^hh h tot ace bh^, hmchho, Pi(M^, a, 6, x, y) h Si{M'^,a, b, x, y). 



21 



S2=y 
-h 



0? + 



+ 6x 
IQ 



Ob — 3 


26" 




9 


-r 


a 




a + 1 




1 




2 


-f - 


1 + 


a 


3a + 


1" 






2 




+ 





- + 

c 

5(a) 



2 

hy 



5 36 
- + — 
a 

5a2 - 2a - 4 - ^ b[a) 



(n2.2b) 



1 3 

bio) + 5a^ - 2a + 7h 5(a) 

1 + a 2 



+ 
+ 



2M2 

fi 



2a^ - 7a + 9 



+ 



2M2 \x 



2M2 



2a^ - 7a + 11 



2a - 5a + 4 



1 + a y 
2 



2a - a + 2 



(1 + a)^ 



1 + a 
4 



a 



+ 



(1 + a 



y 

X 



2a - 5 



2a -5 + 
2 



1 + a 
2 



1 + a 



4y 

^3=Pi + — ; 



X 



(n2.2c) 



Otmcthm, hto «oriacHt.ie» sHaMeHaxejiH npHcyxcTByioT b sthx BbipajKeHHsx tojibko b bh^c 
KOM6HHaii,Hfi b/a, Koxopbie na caMOM fl^ejie He onacHbi, ecjiH BcnoMHHXb, hto b no^biHTerpajib- 
HBix c|)yHKu;H5ix /j(l/(T, 1/r, 1/p) HMeiOTCii apryMeHTbi BH^a 1/r = M'^xb/a: ripn CTpeMjie- 
HHH b/a ^ oo apryMeHT 1/r xaKJKe Gy^ex HeorpaHH^eHHo Bospacxaxb, a no;];biHxerpajibHt.ie 
4)yHKii;HH fi{l/a, 1/r, 1/p) oneHb 6t>icxpo 6yflyT cxpeMHXbca k nyjiio. HosxoMy b HHxerpajie 
no r, B Koxopbiil npeoGpasyexca HHxerpaji no b, nHKaKHX ocoGennocxeii ne ocxaexca: 

1 1 oo 

y.,(M^a,6,x,y)^~-^-^y"/,(l/a,l/r,l/p)^'n^^ J /,(l/a, r, l/p)rrfr . 



Tenepb upuBejieM HHCJieHHbie SHaneHHa BaKyyMHbix KOH;i;eHcaxoB: Xl 



0.4 TsB^, 



{asGG)/^ = 0.012 FaB^ h as (qq)'^ = 1.83 ■ 10~^ FsB^. HejioKajitntiii rjnoonntiii Kon- 
flencax $^gg)(M2) npHBO^nx k onenb cjioJKnoMy Bbipaacennio, Koxopoe no anajiornn c 
KBapKOBbiM cjiynaeM Mo^ejinpyexca 3KcnoHeHn,HajiBnL.iM (|)aKxopoM 27, |48|: $(g'g>(^^) = 
$;°eG>(^') e"^««'/^^' c XI = 0.4 TsB^ 

JXjis onpe^ejienna Hanjiynmero nopora KonxnnyyMa sq mbi j^jis Kaac^^oro snanenna jj 
Sq bbo^hm x2_(j3yHKn;Hio: 

2- 



M 



1=0 



(n2.3) 



r^e Mf = M^+i Am, Am = {M^—M^)/Nm, Nm = 20, n e oGoananaex jKejiaeMyio xohhocxb 
onpe^ejienna F{Q'^,Mf, S) npn — 1 (mbi ncnojibsoBajin snanenne e = 0.07 FsB^.) 
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